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Foreword 



This translation has been made based on the original Japanese Industrial Standard 
revised by the Minister of Health, Labour and Welfare and Minister of Economy, 
Trade and Industry through deliberations at the Japanese Industrial Standards 
Committee as the result of proposal for revision of Japanese Industrial Standard 
submitted by The Japan Machinery Federation (JMF) with the draft being attached, 
based on the provision of Article 12 Clause 1 of the Industrial Standardization Law 
applicable to the case of revision by the provision of Article 14. Consequently JIS B 
9704-2:2000 is replaced with this Standard. 

This JIS document is protected by the Copyright Law. 

Attention is drawn to the possibility that some parts of this Standard may conflict 
with a patent right, application for a patent after opening to the public, utility model, 
right or application for registration of utility model after opening to the public which 
have technical properties. The relevant Ministers and the Japanese Industrial Standards 
Committee are not responsible for identifying the patent right, application for a patent 
after opening to the public, utility model right or application for registration of utility 
model after opening to the public which have the said technical properties. 

JIS B 9704 consists of the following parts under the general title ''Safety of machinery — 
Electro-sensitive protective equipment"; 

Part 1: General requirements and tests 

Part 2: Particular requirements for equipment using active opto-electronic protective 
devices (AOPDs) 

Part 3: Particular recpdrements for Active Opto-electronic Protective Devices responsive 
to Diffuse Reflection (AOPDDR) 



(ii) 
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JAPANESE INDUSTRIAL STANDARD JIS B 9704-2 : 2008 

(lEC 61496-2 : 2006) 

Safety of machinery— -Electro-sensitive 

protective equipment — 

Part 2 t Particular requirements for 

equipment using active opto»electronic 

protective devices (AOPDs) 



Introduction 

This Japanese Industrial Standard has been prepared based on the second edition 
of lEC 61496-2 published in 2006 without modifying the technical contents. 

The portions given dotted underlines and Annex JA are the matters not stated in 
the original International Standard. 

Electro-sensitive protective equipment (hereafter referred to as "ESPE") is applied 
to machinery that presents a risk of personal injury. It provides protection by caus- 
ing the machine to revert to a safe condition before a person can be placed in a haz- 
ardous situation. General requirements and tests for ESPE are specified in JIS B 
9704-1 (hereafter referred to as ^Tart 1"). 

ESPE is classified into several types based on various detection principles. This 
Standard provides particular requirements for the design, construction and testing of 
ESPE for the safeguarding of machinery, employing active opto-electronic protective 
devices (hereafter referred to as ''AOPDs") for the sensing function. 

This Standard is to be used in conjunction with Part 1. This Standard supplements 
of modifies the corresponding clauses in Part 1. Where a particular clause or subclause 
of Part 1 is not mentioned in this Standard, that clause or subclause applies as far as 
is reasonable. Where this part states "addition" or "replacement", the relevant text of 
Part 1 is to be adapted accordingly. All the clauses of JIS B 9704 Part 1 and Part 2 
applicable to the equipment using AOPDs are listed in Annex JA. 

This Standard specifies type 2 and type 4 ESPE employing AOPDs but not type 1 
and type 3 ESPE. 

Each type of machine presents its own particular hazards, and it is not the pur- 
pose of this Standard to recommend the manner of application of the ESPE to any 
particular machine. The application of the ESPE should be a matter for agreement 
between the equipment supplier, the machine user and the enforcing authority; in this 
context, attention is drawn to the relevant guidance established, for example, JIS B 
9700-1 or JIS B 9700-2. 

1 Scope 

(Replacement, This clause of Part 1 is replaced by the following:) 

This Standard specifies requirements for the design, construction and testing of 
ESPE designed specifically to detect persons as part of a safety-related system, em- 
ploying AOPDs for the sensing function. Special attention is directed to features which 
ensure that an appropriate safety-related performance is achieved. An ESPE may 
include optional safety-related functions, the requirements for which are given in 
Annex A. 
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This Standard does not specify the dimensions or configurations of the detection 
zone and its disposition in relation to hazardous parts for any particular application, 
nor what constitutes a hazardous state of any machine. It is restricted to the func- 
tioning of the ESPE and how it interfaces with the machine. 

Excluded from this Standard are AOPDs employing radiation at wavelengths out- 
side the range 400 nm to 1 500 nm. 

This Standard may be relevant to applications other than those for the protection 
of persons, for example, the protection of machinery or products from mechanical dam- 
age. In those applications, additional requirements may be necessary, for example, 
when the materials that are to be recognized by the sensing function have different 
properties from those of persons. 

This Standard does not deal with electromagnetic compatibility (EMC) emission re- 
quirements. 

NOTE : The International Standard corresponding to this Standard is as foUow^s. 

lEC 61496-2 ; 2006 Safety of machinery — Electro-sensitive protective equip- 
ment — Part 2: Particular requirements for equipment using active opto- 
electronic protective devices (AOPDs) (IDT) 

In addition, symbols which denote the degree of correspondence in the 
contents between the relevant International Standard and JIS are IDT 
(identical), MOD (modified), and NEQ (not equivalent) according to ISO/ 
lEC Guide 21. 

2 Normative references 
(Addition:) 

JIS B 9715:2006 Safety of machinery — Positioning of protective equipment with 
respect to the approach speeds of parts of the human body 

NOTE : Corresponding International Standards: ISO 13855 : 2002 Safety of ma- 
chinery — Positioning of protective equipment with i^espect to the approach 
speeds of parts of the human body (IDT) 

JIS C 6802 Safety of laser products 

NOTE : Corresponding International Standards: lEC 60825-1 Safety of laser 
products — Part 1: Equipment classification and requirements and user's 
guide (IDT) 

TS B 62046:2006 Safety of machinery — Application of protective equipm>ent to 
detect the presence of persons 

NOTE : Corresponding International Standards: lEC/TS 62046:2004 Safety of 
machinery — Application of protective equipment to detect the presence of 
persons (IDT) 

EN 471 :2003 High-visibility warning clothing for professional use— Test methods 
and requirements 
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3 Terms and defiBitions 
(Addition:) 

3.201 active opto-electronic protective device (AOPD) 

device whose sensing function is performed by opto-electronic emitting and receiving 
elements detecting the interruption of optical radiations generated, within the device, 
by an opaque object present in the specified detection zone (or for a light beam device, 
on the axis of the light beam) 

NOTE : "Active" means that the devise itself discharges the energy for detection 
(irradiation light). 

3.202 beam centre-line 

optical path joining the optical centre of an emitting element to the optical centre of 
the corresponding receiving element that is intended to respond to light from that 
emitting element during normal operation 

NOTE 1 The optical axis of a light beam is not always on the beam centre-line. 

NOTE 2 Physical displacement of the beam centre-line may occur as a conse- 
quence of normal operation (for example, by the use of a motor-driven 
mirror). 

NOTE 3 For an AOPD that operates on a retro-reflective technique, the optical 
path is defined by the retro-reflector target together with the emitting 
and receiving elements. 

3.203 effective aperture angle (EAA) 

maximum angle of deviation from, the optical alignment of the emitting element(s) and 
the receiving element(s) within which the AOPD continues in normal operation 

3.204 light beam device 

single light beam device or a multiple light beam device 

— single light beam device: AOPD comprising one emitting element and one re- 
ceiving element, where a detection zone is not specified by the supplier; 

■— multiple light beam device: AOPD comprising multiple emitting elements and 
corresponding receiving elements, and where a detection zone is not specified by 
the supplier 

3.205 light curtain 

AOPD comprising an integrated assembly of one or more emitting element(s) and one 
or more receiving element(s) forming a detection zone with a detection capability speci- 
fied by the supplier 

NOTE : A light curtain with a large detection capability is sometimes referred 
to as a light grid. 

3.206 test piece 

opaque cylindrical element used to verify the detection capability of the AOPD 
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3.207 monitored blanking 

configuration of the detection capability and/or detection zone in such a way that the 
presence of an object(s) within a defined part of the detection zone will not cause an 
OFF-state of the output signal switching device(s) [hereafter referred to as "OSSD(s)"] 
but the absence (or, in some cases, a change in size or location) of the object wlii cause 
the OSSD(s) to go to the OFF-state 

3,3 detection capability 

(Rep lac erne ?it:) 

dimension representing the diameter of the test piece which: 

— for a light curtain, will actuate the sensing device when placed in the detection zone; 

— for a single light beam device, will actuate the sensing device when placed in the 
beam centre-line; 

— for a multiple light beam device, will actuate the sensing device when placed in 
any beam centre-line 

NOTE 1 Can also be used to mean the ability to detect a test piece of the speci- 
fied diameter. 

NOTE 2 "A large detection capability" means that the size of detectable element 
is large and not that the detection capability is superior. 

In this Standard, detection probability is not considered, The test 
piece which has diameter corresponding to the detection capability 
should be 100 % detected. 

4 Functional, design and environmental requirements 

(This clause of Part 1 is applicable except as follows:) 

4.1 Functional requirements 

4.1.2 Sensing function 

(Replacement:) 

4.1.2,1 General 

The sensing function shall be effective over the detection zone specified by the sup- 
plier. No adjustment of the detection zone, detection capability or blanking function 
shall be possible w^ithout the use of a key, key-word or tool. 

The sensing device of a light curtain shall be actuated and the OSSD(s) shall go to 
the OFF-state when a test piece in accordance with 4.2.13 is placed anywhere within 
the detection zone either static (at any angle) or moving (with the axis of the cylinder 
normal to the plane of the detection zone), at any speed between m/s and 1.6 m/s. 

The sensing device of a light beam device shall be actuated and the OSSD(s) shall 
go to the OFF-state when a test piece in accordance with 4.2.13 is present in the beam 
centre-line, at any point throughout the operating distance ^ *, with the axis of the 
cylinder normal to the axis of the beam. 
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Note ^^ "An operating distance" means the distance between the emitter assem- 
bly and the receiver assembly. The minimum (maximum) operating dis- 
tance means the minimum (maximum) distance within which AOJPD is 
normally operable. The range of operating distance means the range be- 
tween the minimum operating distance and the maximum operating 
distance within which AOPD is normally operable. 

When the OSSD(s) go to the OFF-state, they shall remain in the OFF-state while 
the test piece is present in the detection zone (or light beam) or for at least 80 ms, which- 
ever is greater. 

NOTE] : The purpose of this requirement is to ensure that the OSSD(s) go to the 
OFF-state when a person or part of a person passes through the detec- 
tion zone or light beam. Based on a dimension of 150 mm and a walk- 
ing speed of 1.6 m/s, a minimum OFF time of 80 ms was determined to 
be adequate. 

Where the supplier states that an AOPD can be used to detect objects moving at 
speeds greater than 1.6 m/s, the above requirements shall be met at any speed up to 
and including the stated maximum speed(s). 

4,1.2.2 Optical performance 

The AOPD shall be designed and constructed to: 

a) limit the possibility of failure to danger resulting from extraneous reflections [for 
example, for operating range up to 3 m, see figure 1^^]; 

Note ^' This means that the failure to danger resulting from a reflective surface 
existing in the outside of limit area is prevented by diminishing any 
reflective surfaces in the limit area shown in figure 1. 

b) limit the misalignment at which normal operation is possible; 

c) limit the possibility of malfunction during exposure to extraneous light in the range 
of 400 nm to 1 500 nm; 

d) control the size of the emitted beam to minimize the effects on other equipment 
(AOPD). 

One method of achieving these requirements is by ensuring that the effective ap- 
erture angle of each emitting and each receiving element does not exceed the values 
given in figure 2. When this method is used^ the requirements are met we the AOPD 
conforms to the tests in 5.2*9*2 and Annex D. 

There are other technical means alternative to the restriction of the EAA to achieve 
equivalent performance for the characteristics in items a), b), c) and d) above. In such 
cases, the requirements are met when the AOPD conforms to the tests in 5.2,9.2 and 
Annex E. 

Acceptable optical performance shall be verified by passing the appropriate tests 
of 5,2. 9 and 5,4. 

If the AOPD is intended to provide protection when mounted very close to a reflec- 
tive surface (i.e. inside the shaded area of figure 1), the AOPD shall be designed in 
such a manner that no optical bypassing can occur on the reflective surfaces. For such 
a device, an EAA much less than 2.5'" (for example, less than 0.1*^) can be necessary. 
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In this case, figures 1 and 2 do not apply and the limits of protection against optical 
bypassing shall be as specified by the manufacturer. 



TD 



10^ 



•r 



/;^^ 



^■i: 









y-^ 



Unit: mm 



Type of ESPE 


d 


L 


Type 4 


131 


250 to 3 000 


Type 2 


262 


500 to 3 000 



Figure 1 Limit area for the protection against the risk of beam bypass 
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MP^M MP3 



MP2 



MP 




Beam centre-line 



3.0 m (or minimum operating distance when > 3.0 m) 



^^--^^ 


a Limit values C') 


MPl 


MP2 


MPS 


MP4 


Type 2 AOPD 


5 


10 


19.3 


Tin 


Type 4 AOPD 


2.5 


5 


10 


14.7 


Note ^- MP : measuring point 



NOTE 1 The EAA should be determined according to 5.2.9.2. 

NOTE 2 Measurements should be carried out at each of the measuring points MPl to MP4 
within the range of the operating distance specified by the supplier (or if mini- 
mum distance is greater than 3.0 m, at the minimum operating distance only). 

Example : If the range of operating distance is within 1 m to 3,5 m, measurement 
should be carried out at points MP2 (1.5 m) and MPl (3.6 m), but not 
at MP4 (0.5 m) and MP3 (0.75 m). Measurement at point 1.0 m is also 
recommended. If the range of operating distance is within 4 m to 10 m, 
measurement should be carried out only at point 4.0 m. 

NOTE 3 The Hmit values for other distances than MPl, MP2, MP3 and MP4 can be cal- 
culated using the formula: 

a = arctan (d/L) 

where d = 262 mm (for Type 2) 

or f/ = 131 mm (for Type 4) 

and L is the distance between emitter and receiver (or DUT 
and retro-reflector target. 

NOTE 4 For retro-reflector systems, the value of a is one-half of the value shown in the 
table above. 

Figure 2 Measurement of the effective aperture angle (EAA) 

4,1,2.3 Additional requirements for an AOPD using retro-reflective techniques 

An AOPD using retro-reflective techniques vi^here the light beam traverses the de- 
tection zone more than once (over the same path) shall not fail to danger if a reflective 



PROTECTED BY COPYRIGHT 



8 

B 9704-2 : 2008 (lEC 61496-2 : 2006) 



object (for example^ reflective clothes) is placed at any position in the detection zone 
and shall not be bypassed by an easily available reflector (for example, mirror). 

NOTE 1 The use of mirrors to return the light beam is not considered to be a 
retro-reflective technique. 

Retro-reflection means the reflection in which radiation is returned 
in directions close to the opposite of the direction from which it came, 
this property being maintained over wide variations of the direction of 
the incident rays. Retro-reflector means a surface of device from which 
most of the reflected radiation is retro-reflected (see JIS Z 8113). In 
this Standard, it indicates the retro-reflector as the component of AOPD. 

The OSSD(s) of a single light beam device shall go to, and remain in, the OFF-state 
when a reflective object of a size greater than, or equal to, the diameter and length of 
the test piece (see 4,2,13) is placed in the beam at any position as specifi.ed in 5.2,1,1. 

The reflective objects considered shall consist of: 

— the retro-reflector target; 

— a retro-reflecting material conforming to the requirements for retro-reflection of 
EN 471 class 2 or equivalent; 

NOTE 2 Table 5 in EN 471 defines the minimum coefficient of retro-reflection 
for class 2 material as 330 cd Ix m"^ with an entrance angle of 5° and 
an observation angle of 0,2° (12'). 

— a mirror-type reflective surface having a reflection factor greater than, or equal 
to, 90 % at the operating wavelength, for example polished chrome plating or pol- 
ished aluminium; 

— a diffuse reflective surface, for example, white paper. 

Under normal operating conditions the OSSD(s) of a light curtain and of a multiple 
light beam device using retro-reflective techniques shall go to and remain in the OFF- 
state when an identical reflector is placed as close as practicable in front of the sens- 
ing surface of the emitting/receiving element(s). 

4.1.2.4 Additional requirements for an AOPD using emitters and receivers 
in the same assembly 

Under normal operating conditions the OSSD(s) of an AOPD shall go to, and re- 
main in, OFF-state when a reflective object whose size is greater than, or equal to, 
the diameter and length of the test piece is placed normal to the optical axes anywhere 
within the detection zone. 

NOTE 1 This subclause does not apply to an AOPD using retro-reflective tech- 
niques. 

The reflective objects considered shall consist of 

— a retro-reflecting material conforming to the requirements for retro-reflection of 
EN 471 class 2 or equivalent; 

NOTE 2 Table 5 in EN 471 defines the minimum coefficient of retro-reflection 
for class 2 material as 330 cd Ix m"'^ with an entrance angle of 5" and 
an observation angle of 0,2'' (12'). 
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— a mirror-type reflective surface having a reflection factor greater than or equal to 
90 % at the operating wavelength, for example, polished chrome plating or polished 
aluminium; 

— a diffuse reflective surface, for example, white paper. 
4.2 Design requirements 

4*2.2 Fault detection requirements 

4.2.2.3 Particular requirements for a type 2 ESPE 

{Replacement of first paragraph'.) 

A type 2 ESPE shall have a means of periodic test to reveal a failure to danger (for 
example, loss of sensing unit detection capability, response time exceeding that speci- 
fied). The test shall verify that each light beam operates in the manner specified by 
the supplier. Where the periodic test is intended to be initiated by an external (for 
example, machine) safety-related control system, the ESPE shall be provided with 
suitable input facilities (for example, terminals). 

4.2.12 Integrity of the AOPD detection capability 
{Addition:) 

The design of the AOPD shall be such that the AOPD detection capability remains 
less than, or equal to, the value stated by the supplier when the AOPD is operated 
under any and all combinations of the following: 

— any condition within the specification of the supplier; 

— the environmental conditions specified in 4,3 (of Part 1 and this Standard); 

— at the limits of alignment and/or adjustment. 

If a single fault (as specified in Annex B), which under normal operating conditions 
(see 5.1.2.1 of Part 1) would not result in a loss of AOPD detection capability but, when 
occurring with a combination of the conditions specified above, w^ould result in such a 
loss, that fault together w^ith that combination of conditions shall be considered as a 
single fault, and the AOPD shall respond to such a single fault as required in 4,2.2. 
An example of a method for determining detection capability is shown in Annex F. 

4.2.13 Test piece 

{Addition:) 

The test piece shall be cylindrical and opaque, with a minimum effective length of 
150 mm. The diameter of the test piece shall not exceed the AOPD detection capabil- 
ity stated by the supplier. 

For an AOPD detection capability of not more than 40 mm, the test piece for a light 
curtain shall be provided by the supplier and shall be marked with the following: 

— diameter in millimetres; 

— type reference and an indication of the AOPD with which the test piece is intended 
to be used. 
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When more than one detection capability can be configured on the AOPD, the sup- 
plier shall provide a test piece for each detection capability. 

Verification shall be by inspection. 

4.2.14 Wavelength 

(Addition:) 

AOPDs shall operate at a wavelength within the range 400 nm to 1 500 nm, 

4.2.15 Radiation intensity 

(Addition:) 

The radiation intensity generated and emitted by the AOPD shall at no time ex- 
ceed the maximum power or energy levels for a class IM device in accordance with 8.2 
of JIS C 6802, 

NOTE : The use of class 2M devices is under consideration. 

4.3 Environmental requirements 
(Addition:) 

4,3.5 Light interference 

The ESPE shall continue in normal operation when subjected to 

— incandescent light; 

— flashing beacons; 

— fluorescent light operated with high-frequency electronic power supply. 
The ESPE shall not fail to danger when subjected to 

— incandescent light (simulated daylight using a quai^tz lamp); 

— stroboscopic light; 

— fluorescent light operated with high-frequency electronic powder supply; 

— for a type 4 ESPE, radiation from an emitting element of identical design. 

NOTE : Requirements for protection of type 2 ESPEs from radiation from an emit- 
ting element of identical design are under consideration. 

These requirements shall be met when the ESPE conforms to the tests in 5.4,6. 

No requirements are given for immunity to other extraneous light sources which 
may cause abnormal operation or failure to danger. A requirement for the supplier 
to inform the user of potential problems is given in af ) of clause 7. 

5 Testing 

(This clause of Part 1 is applicable except as follows:) 

5.1 General 

(Addition:) 
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In the following tests, it shall be verified that when the OSSD(s) go to the OFF- 
state, they remain in the OFF-state while the test piece is present in the detection zone 
(or light beam) or for at least 80 ms, whichever is greater. If the AOPD incorporates 
a restart interlock, the restart interlock shall be disabled during the tests of this clause. 

5.1.1 Type tests 

5,1.1.2 Operating condition 
(Addition:) 

For the purpose of these tests, the plane of the light curtain detection zone may be 
either vertical or horizontal as preferred for a test. 

If it can be demonstrated that the results will be the same, testing at long operat- 
ing distances may be simulated by the use of neutral density (ND) filters. 

NOTE : ND filters have an approximately-constant transmittance in a specific 
wavelength region and are used to reduce the light intensity without 
changing the spectral distribution. 

5.1.2 Test conditions 

5.1.2.2 Measuremeiit accuracy 
(Addition to first paragraph:) 

— for angular measurement: ±0.1°; 

— for light intensity measurement: ± 10 %. 

5.2 Functional tests 

5.2.1 Sensing function and detection capability 
(Replacement:) 

5.2,1.1 Sensing function 

It shall be verified that the sensing device is continuously actuated and, where ap- 
propriate, that the OSSD(s) go to the OFF-state as described in this subclause, tak- 
ing into account the operating principle of the AOPD and, in particular, the techniques 
used to provide tolerance to environmental interference. 

For a light curtain: 

— by slowly moving the test piece in the detection zone across the beams at an angel 
of 45° and at an angle of 90° (see figures 3 and 4) at each end of the detection zone 
[as near as practical to the emitter and receiver (or retro-reflector)] and midway 
between the ends (see figure 5); 

— by placing the test piece in the detection zone, stationary, at any position and/or 
angle considered critical as a result of the analysis in 5*2.9*1; 

— by moving the test piece in the detection zone, across the beams at the maximum 
speed in the range specified in 4.1.2,1 (0 m/s to 1.6 m/s), and at any other speed 
in that range which is considered critical as a result of the analysis in 5,2.9,1; 
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— by moving the test piece (having a length of 150 mm) through the detection zone 
at 1.6 m/s such that the direction of movement and the axis of the test piece are 
normal to the detection plane, at the extremities of the detection zone (for example^ 
at each corner) and in any other position that is considered critical as a result of 
the analysis in 5.2,9.1. 

For a light beam device: 

— by placing the test piece in the beam at each end of the beam and midway along 
the beam such that the axis of the test piece is normal to the axis of the beam; 

— by mo\n^ng the test piece (having a length of 150 mm) through the beam at 1.6 m/s 
such that the direction of movement and the axis of the test piece are normal to 
the axis of the beam, at each end of the beam midway along the beam, and at any 
point throughout the operating distance w^hich is considered critical as a result of 
the analysis in 5,2.9.1. 

The above tests shall be performed with the AOPD operating at the minimum speci- 
fied operating distance or 0.5 m, whichever is the greater, and at the maximum speci- 
fied operating distance. 



Detection zone of a light curtain 
{shown with light beams normal 
to the page) 




Test piece 



Figure 3 Test piece at 45'' 



Detection zone of a light curtain 
(shown with light beams normal 
to the page) 



tv^N 



=o 



Test piece 



Figure 4 Test piece at 90'' 
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TP - Test piece 



Figure 5 Verifying sensing function by moving the test piece (TP) 
through the detection zone near the emitter, near the 
receiver/retro-reflector target and at the midpoint 

5.2.1.2 Integrity of the AOPD detection capability 

It shall be verified that the AOPD detection capability is continuously maintained 
or the ESPE does not fail to danger, by systematic analysis of the design of the AOPD, 
using testing where appropriate, taking into account all combinations of the conditions 
specified in 4.1.2 and 4,2.12, and the faults specified in 5.3 (Part 1). 

In cases where it is established that the AOPD detection capability is achieved by 
optical geometry based on the complete obscuration of at least one light beam anywhere 
within the detection zone (as shown in Annex F), further analysis and testing may not 
be necessary. In cases where detection capability is not achieved by complete obscu- 
ration, at least the following additional tests shall be carried out: 

a) align the AOPD in accordance with the suppliers specifications; 

b) place a ND filter with a transmittance of 30 % and with a dimension twice the 
size of the detection capability into the detection zone; 

c) switch AOPD on and wait for 30 s (or longer, if necessary, on the basis of the analy- 
sis of 5.2.9.1). Verify that the OSSD(s) are in the ON-state. If the OSSD(s) are 
in the OFF-state, the operating distance shall be reduced and the test restarted; 

d) insert the test piece in front of the ND filter. Verify that the OSSD(s) go to the 
OFF-state within the response time; 

e) remove the ND filter and verify that the OSSD(s) continuously remain in the OFF- 
state; 

f) repeat the test at several locations as determined by the analysis of 5.2,9.1, 

The results of the systematic analysis shall identify which tests in 5.4 require, in 
addition, a measurement of the response time. 

5.2.1.3 Additional tests for an AOPD using retro-reflective techniques 

The following tests shall be conducted at both the minimum and maximum oper- 
ating distance specified by the manufacture. 
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For a single light beam device, it shall be verified that the sensing device is actu- 
ated when a reflective object (as specified in 4.1.2.3) of a size greater than, or equal 
to, the diameter and length of the test piece is placed on, and normal to, the optical 
axis of the light beam device. This test shall be conducted near the emitter/receiver, 
200 mm in front of the retro-reflector target and midway along the beam. 

For a light curtain and a multiple light beam device using retro -reflective techniques, 
it shall be verified that the OSSD(s) go to the OFF-state when a reflector identical to 
the retro-reflector target is placed in contact with the sensing surface of the emitting/ 
receiving element(s). 

For a light curtain it shall be verified that the sensing device is actuated when: 

a) highly reflective cylindrical object of a size greater than or equal to that of the 
test piece is placed within the detection zone of a light curtain, and 

b) a reflective object (as specified in 4,1.2,3) is inserted within the detection zone of 
the light curtain. 

These tests shall be conducted near the emitter/receiver, near the retro-reflector 
target and midway along the beam. 

5.2.1.4 Additional tests for AOPDs using mixed emitter/receivers in the same 
assembly 

It shall be verified that the sensing device is actuated when a reflective object (as 
specified in 4.1.2.4) is inserted within the detection zone of the AOPD. The reflective 
object shall be placed near the emitter/receiver and midway within the detection zone. 

5.2*9 Verification of optical performance 

(Addition:) 

5.2.9.1 Analysis of the electro-optical subsystem 

5.2*9*1*1 Analysis 

A systematic analysis of the electro-optical subsystem shall be carried out to de- 
termine: 

a) the beam centre-line and the optical axes of the emitting and receiving elements; 

b) the relative intensity/sensitivity off-axis in all directions of the emitting and re- 
ceiving elements; 

c) confirmation of any filtering techniques employed and their characteristics; 

d) the criteria used to determine the status of the sensing function; 

e) the relative intensity/sensitivity of the beams in the multibeam devices; 

f) the effect of undetected faults, in accordance with 4.2.2, on the electro-optical char- 
acteristics; 

g) the worst-case response time; 

h) the effects of environmental influence, in accordance with 4,3 on the electro-optical 
characteristics. 
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The results of this analysis shall be used to determine if the requirements of 4.1,2*2 
can be met. 

If the requirements of 4,1,2.2 can be met, then the results of the analysis shall be 
used to determine which test method is appropriate for the verification (see figure 6). 



* Analysis of electro-optical construction 
of each beam 

* Analysis of geometry of beams 

5.2.ai 



Yes 



AOPD 

not 

accepted 




AOPD accepted 



Fail 



AOPD 

not 
accepted 



Fail 



AOPD 

not 
accepted 



Note ^^ The absence of side lobes is verified when the procedure in 5.2.9.2 is completed 
satisfactorily. 

Figure 6 Analysis and tests of AOPDs-— Flow chart 
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5.2.9,1.2 Selection of test method 

Verification of the optical performance required by 4.1,2,2 can be performed using 
different methods depending on the design of the AOPD. 

Factors that shall be taken into account in selecting the verification method are: 

— intensity of the beam, on and off the beam, axis; 

— sensitivity of the receiver on and off the beam axis; 

— beam direction and orientation between similar elements (i.e. between one emit- 
ting arrangement and another, or between one receiving arrangement and another). 

All AOPDs must pass the test for protection against side lobes and gross misalign- 
ment as described in 5.2.9.2. 

For AOPDs with more than one beam, it shall be verified that all beams meet the 
requirements. Two methods of verification are given in Annexes D and E of this Stan- 
dard. Methods other than those described in Annexes D and E may be more appro- 
priate depending of the design of the AOPD (and the analysis of 5.2.9.1.1) and may 
be used if they can be shown to be equivalent. 

NOTE : These methods may include, for example, the use of additional or sub- 
stitute emitters or receivers. 

If meeting the requirements of 4.1.2.2 depends on controlling EAA, then it shall 
be shown that each beam in a multibeam device meets the requirements. One method 
of verifying the characteristics of each beam is with the use of a wedge prism placed 
in front of individual beams. The precision wedge prism offsets the EAA of the beam 
under test so that its individual characteristics can be evaluated. The wedge prism 
test procedure is explained in Annex D. Passing the wedge prism test satisfies items 

a) and b) of 4.1.2.2. 

When other techniques (alternative to the restriction of the EAA) are used to meet 
the requirements of 4,1.2.2, the optical performance of the AOPD can be measured di- 
rectly by using a mirror test and an alignment test. In the mirror test, a small mirror 
is placed near each beam to evaluate its individual characteristics. These test proce- 
dures are explained in Annex E. Passing the tests of Annex E satisfies items a) and 

b) of 4.1.2.2. 

5.2.9.2 Side lobe and misalignineiit test (measurement of EAA) 

With an emitter assembly or an emitter/receiver assembly, fixed in optical align- 
ment with a receiver assembly or a retro-reflector target, the angle of misalignment 
(EAA) of the receiver assembly or the retro-reflector target shall be measured [see 
figure 7, 2)]. With a receiver assembly or retro-reflector target fixed in optical align- 
ment with an emitter assembly or an emitter/receiver assembly, the angle of misalign- 
ment (EAA) of the emitting element or the emitter/receiver element shall be measured 
[see figure 7, 1)]. These measurements shall be carried out at all the distances indi- 
cated in figure 2 in the following manner. 

The AOPD shall be optimally aligned as specified by the supplier. The AOPD should 
be mounted on a turn table with an angle scale. The tests shall be performed about 
the rotational axis indicated in figure 7. 
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^^^ne of 



Rotation axis in the plane of all lenses 



DUT«^ 



Receiver assembly 
or retro-reflector 



r Beam centre-line (or plane of beam centre-lines) ^~^ ^~~~J^ 



Emitter assembly or 
emitter/receiver asseiribly 



1) Rotation of the emitter assembly with the receiver assembly fixed 



Eotation axis in the plane of all lenses 
1 Beam centre- line (or plane of beam centre-lines) 



^^ane of 
lenses 
"'/ Receiver assembly 
/ or retro-reflector 

/ (see NOTE) 



Emitter assembly or 

emitter/receiver assembly 
(see NOTE) 



Opei-ating distance 



i 



^DUT^-' 



/ 

/ 



2) Rotation of the receiver assembly with the emitter assembly fixed 

NOTE : For light curtains employing retro-reflective techniques, the test should only be 
carried out on the sensing unit with the retro-reflector target fixed. 

Note ^' DUT: device under test 

Figure 7 Measuring method for EAA (direction) 
Switch the AOPD on and carry out the procedure as follows: 

a) the emitter or emitter/receiver unit shall be turned clockwise into the 90"^ posi- 
tion; the OSSD(s) shall go to the OFF-state; 

b) the supply voltages of the complete AOPD shall be switched off and then on again; 

NOTE 1 Based on the analysis of 5.2.9.1, it may be necessary to wait for some 
time (for example, settling time of gain control circuits) between the 
steps of this procedure and between steps b) and c), 

c) the emitter or emitter/receiver unit shall be turned back towards the aligned po- 
sition until the position is reached at which the OSSD(s) go to the ON-state. This 
value of the angle and distance shall be recorded. Continue turning the unit in 
the counter-clockwise direction until the opposite 90"" position is reached and record 
the last position at which the OSSD(s) change from the ON-state to the OFF-state; 

d) the same procedure given in steps a) to c) shall be performed in the counter clock- 
wise direction; 

e) the same procedure given in steps a) to d) shall be applied to the opposite unit 
(receiver or receiver/emitter). 

In cases where the minimum operating distance specified exceeds 3 m, similar tests 
shall be performed to determine the EAA at the minimum operating distance (see fig- 
ure 2). 
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The test is passed when the angles recorded in step c) (EAA) are less than the values 
indicated in figure 2. 

NOTE 2 For an AOPD specified by the manufacturer to operate over long dis- 
tances, tests may be carried out using ND filters over shorter distances, 
when it can be shown that the results obtained will correspond with 
those results obtained at the specified operating distance. 

NOTE 3 Particular attention should be given to designs where the cross-section 
of the beam (for an emitter) or the cross-section of the cone of recep- 
tion (for a receiver) is designed to be oval, elliptical, oblong or other- 
wise elongated in a direction which is neither horizontal nor vertical. 

5.2.10 Wavelength 

(Addition:) 

The transmitted wavelength shall be verified either by inspection of the device data 
sheets or by measurement. 

5.2.11 Radiation intensity 

{Addition:} 

The radiation intensity shall be verified by measurement in accordance with JIS 
C 6802 and inspection of the technical documentation provided by the supplier. 

NOTE : Simplified testing methods for verification of this requirement are be- 
ing developed. 

5.4 Environmental tests 
{Addition:) 

5.4.6 Light interference 

5.4,6.1 General 

Each test shall be carried out at an operating distance of 3 m (or the closest nor- 
mal operating distance to 3 m as specified by the supplier) and under the stated con- 
ditions as a minimum requirement^'. 

Note '^^ Subclauses 5.4.6.2 to 5.4.6.8 constitute a part of minimum requirement. 

Additional tests shall be carried out under different combinations of operating dis- 
tances and environmental conditions when: 

— the supplier states higher immunity levels, w^hich shall be verified by testing at 
those levels with appropriate light sources; and/or 

— the analysis of 5.2,1,2 or 5.2,9.1 shows such tests to be necessary. 

During B tests and C tests, the test piece shall be introduced into the detection zone 
in such a manner that the interfering light is not interrupted. 

For the tests in 5*4.6»4, the system shall be optimally aligned in accordance with 
the manufacturer's instructions. The tests in 5.4,6,5, 5.4.6,6 and 5.4.6.7 require that 
the interfering light be directed along the optical axis (or as close as practical) of a 
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receiving elementfs) and with the emitting element(s) at maximum angular misalign- 
ment at which normal operation continues (worst-case alignment). The test arrange- 
ment used shall be compatible with the characteristics of the AOPD under test, as 
determined by the analysis and tests of 5.2.9.1 and 5.2.9.2, and any further analysis 
and characterization which proves to be necessary (see figures 8, 9, 10, 11 and 12 for 
examples). 

NOTE 1 As a result of the diversity of designs, no single test arrangement is suit- 
able for all types of AOPD. An example of a test configuration is illus- 
trated in figure 8. 

NOTE 2 During the tests, long-range operation may be simulated by ND filers, 
as illustrated in figure 8, providing that results are not affected. 

NOTE 3 If a ND filter is used, then all tests should be performed after the ND 
filter is installed. 

The test arrangement shall not modify the characteristics of the light reaching the 
receiving elements of the AOPD in any way that affects the operation of the AOPD. 
Where reflectors, mirrors, filters, beam splitters, windows, etc. are employed, it shall 
be verified that any alteration of the characteristics of the light (for example spectral 
distribution or polarization) is without significant effect. 




Emitter 
assembly 



Inteifering |x. 

light \ 



ND filter 




Retro-retlector 



Interfering 

light 



ND filter 



NOTE 1 Receiver or emitter/receiver assemblies are operated at maximum possible mis- 
alignment for fail to danger tests. 

NOTE 2 ND filters may affect polarization. 

Figure 8 Light interference test (Direct method) 
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CA 




/ 



CD 



■-v" 



.-""",-"-"1--^ 





D '. Distance light source-receiver 
TP; Test piece 



Best-case adjustment of the sensor elements for normal operation test 




Interfering- 
light source 



I 



,^rrir^^^-"'^'^ '" ^ 'i]_g_ 



TP 



Worst-case adjustment of the sensor elements for failure to danger test 

Interfering 
light source 




The distance between emitter and receiver is 3 m. 

For the distance D between receiver and light source, see the table below. 



Distance D 

(The exact distances depend on the lamp type.) 


Illuminance 


NOTE 


2 m 


3 000 Ix 


Distance for fail to danger test. 


3 m 


1 500 Ix 


Distance for normal operation test. 



Figure 9 Light interference test (Test set-up with halogen 
light source) 
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D '■ Distance light source-receiver 
TP '■ Test piece 



Best-case adjustmeDt of the sensor elements for noiinal operation test 

Interfering 
light source 



E>-^-^ 



t 



_:::zrr^ z. ( ^ R 



Worst-case adjustment of the sensor elements for failure to danger test 

Interfering light source\ 




The distance between emitter and receiver is 3 ra. 

For the distance D between receiver and light source, see the table below. 



Distance D 

(The exact distances depend on the lamp type.) 


Illuminance 


NOTE 


12 cm 


3 000 Ix 


Distance for fail to danger test. 


21 cm 


1 500 Ix 


Distance for normal, operation test. 



Figure 10 Light interference test (Test set-up with fluorescent 
light source) 
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D '■ Distance light source-receiver 
TP: Test piece 



Best-case adjustinent of the sensor elements for normal operation test 




hiterfering 
light source 



V 

The distance between emitter and receiver is 3m. 

The distance D between receiver and light source is 3 m. 



I 



TP 



Figure 11 Light interference test (Test set-up with xenon 
flashing beacon) 
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--'6, 



D '. Distance light source-receiver 
TP; Test piece 



Worst-case adjustment of the sensor elements for failure to danger test 



Interfering 

light source 




The distance between emitter and receiver is 3 m. 

The distance D between receiver and light source is 1 m (for fail to danger test). 

Figure 12 Light interference test (Test set-up with strobe lamp) 

5.4.6.2 Light sources 

The light sources shall be as follows. 

a) Incandescent light source: a linear tungsten halogen (quartz) lamp with the 
foUow'ing characteristics: 

— colour temperature: 3 000 K to 3 200 K; 



— input power: 

— rated voltage: 

— supply voltage: 

— length: 



0.5 kW to 1 kW rated power; 

any value w^ithin the range 100 V to 250 V; 

rated voltage ±5 %, sinusoidal ax. at 48 Hz to 62 Hz; 

150 mm to 250 mm nominal. 



The lamp shall be mounted in a parabolic reflector of minimum dimensions 200 mm 
X 150 mm, having a diffuse finish and a uniform reflectance within ±5% over the w^ave- 
length range 400 nm to 1 500 nm. 

NOTE : A lamp with a diffuse finished front window is also acceptable. This 
source produces a beam, of near uniform intensity with known spectral 
distribution and having a predictable modulation at twice the supply 
frequency. It is used to simulate both sunlight and workplace incan- 
descent lighting. 
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b) Fluorescent light source: a linear fluorescent tube with the foUowing charac- 
teristics: 

— size: T8 x 1 200 mm (25 mm nominal diameter); 

— rated power: 18 W to 20 W; 

— colour temperature: 5 000 K to 6 000 K, used in combination with an elec- 
tronic ballast having the following characteristics: 

— operating frequency: 30 kHz to 40 kHz; 

— power rating corresponding to the tube and operated at its rated supply volt- 
age ± 5 %, without a reflector or diffuser. 

c) Flashing beacon light source: a light source employing a xenon flash tube (with- 
out enclosure, reflector or filter) having the following characteristics: 

— flash duration: from 40 [.is to 1 200 \xs (measured to the half-intensity 

point); 

— flash frequency: 0.5 Hz to 2 Hz; 

— input energy per flash: 3 J to 5 J. 

d) Stroboscopic light source: a stroboscope employing a xenon flash tube (with- 
out enclosure, reflector or filter) having the following characteristics: 

— - flash duration: from 5 ^is to 30 |„is (measured to the half-intensity 

point); 

— flash frequency: 5 Hz to 200 Hz (adjustable range); 

— input energy per flash: 0.05 J (at 200 Hz) to 0.5 J (at 5 Hz). 
The position of the flash tube shall be fixed during the test. 

5, 4, 6,3 Test sequences 

NOTE : The B and C tests below are defined in Part 1, 5,2.3. 
Test sequence 1: 

1) ESPE in normal operation 

2) Switch on interfering light 

3) B test 

4) Switch off ESPE for 5 s. Restore powder. Reset start interlock, if fitted 

5) B test 

6) Switch off interfering light 

7) B test 
Test sequence 2: 

1) ESPE in normal operation 

2) Switch on interfering light 

3) C tests repetitively for 1 min 
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4) Switch off ESPE for 5 s. Restore power. Reset start interlock, if fitted 

5) C tests repetitively for 1 min 

6) Switch off interfering light 

7) C tests repetitively for 1 min 
Test sequence 3: 

1) ESPE in normal operation 

2) Switch on the interfering light 

3) C tests repetitively for 3 min 

5.4.6.4 Normal operation (best alignment) 

The ESPE shall continue in normal operation throughout test sequence 1 in 5.4.6.3 
using each of the following types of interfering lights directed along the optical axis of 
one or more receiving elements: 

—- the incandescent light source of 5.4.6,2 producing a light intensity of 1 500 Ix mea- 
sured at the plane of the receiving elementfs) (figure 9); 

— ~ the flashing beacon light source of 5.4.6*2 shall be placed at distance of 3 m within 
EAA of the receiving element(s) for 1 min (figure 11); 

-— the fluorescent light source of 5.4.6.2 producing an intensity of 1 500 Ix at the plane 
of the receiving element(s) (figure 10). This test shall be performed with three varia- 
tions, using light from the centre and light from each end (anode and cathode areas) 
of the tube. 

NOTE : One objective of the test using the fluorescent light source is to check 
the susceptibility of the AOPD to high-frequency modulated optical ra- 
diation. 

5.4.6.5 Failure to danger— Incandescent light (3 000 Ix and worst-case align- 
ment) 

There shall be no failure to danger during test sequence 2 of 5.4.6,3 using the in- 
candescent light source of 5.4.6*2 directed along the optical axis of one or more receiving 
elements, producing a light intensity of 3 000 Ix ± 300 Ix, measured at the plane of the 
receiving elements (figure 9). 

5.4.6.6 Failure to danger — Stroboscopic light (worst-case alignment) 
There shall be no failure to danger during test sequence 3 of 5,4,6.3 using the stro- 
boscopic light source of 5.4.6.2 directed along the optical axis of one or more receiving 
elements (figure 12). The flash rate of the source shall be increased linearly from 5 Hz 
to 200 Hz over a period of 3 min, during which time the C test shall be continuously 
repeated. 

5.4.6.7 Failure to danger — Fluorescent light (3 000 Ix and worst-case align- 
ment) 

There shall be no failure to danger with the radiation of the fluorescent light source 
of 5.4.6.2 producing an intensity of 3 000 Ix at the plane of the receiving element(s) 
(figure 10). This test shall be performed with three variations, using light from the 
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centre and light from each end (anode and cathode areas) of the tube. Test sequence 2 
of 5.4.6.3 shall be used. 

5.4.6.8 Failure to danger— Interfering light from an emitting element of iden- 
tical design 

There shall be no failure to danger of a t^^pe 4 ESPE when the radiation from the 
emitting elements of an AOPD of identical design is directed towards the receiving 
elements of the AOPD under test, either directly or via the retro-reflector target if used. 
A minimum of six positions shall be selected, representative of worst-case conditions 
as determined by the analysis of 5.2,1,2 and 5.2.9.1. The AOPD shall operate at the 
maximum working distance specified by the supplier. Test sequence 3 of 5.4.6.3 shall 
be used. Either the test piece shall be detected or the OSSD(s) shall go to the OFF- 
state. Where different codes, sizes and configurations are possible an analysis shall 
be made. The most critical combinations shall be tested against failure to danger. 

6 Marking for identification and safe use 
(This clause of Part 1 is applicable except as follows:) 

6,1 General 
(Addition:) 
Add to b): 

— When separate parts of the AOPD have different detection capabilities, those parts 
and their detection capabilities shall be marked on the outside of the AOPD. When 
that is not practicable (for example, due to lack of space), the information shall be 
included in the accompanying documents. 

— The minimum and maximum operating distances shall be marked. 

— Should the OSSD be able to go to the ON-state when the receiving elements and 
the emitting elements are incorrectly mounted, i.e. 180"* misalignment, the AOPD 
shall be marked so that the correct mounting position relative to each other is clearly 
identified. 

— For light curtains, the limits of the detection zone shall be clearly marked. 

— Marking shall be provided to indicate the beam centre-rine(s). 

NOTE : The beam centre-line(s) is one of the factors used to determine the po- 
sition of the AOPD, 

7 Accompanying documents 

(This clause of Part 1 is applicable except as follows:) 

(Additions:) 

[Add tof):] 

When different parts of the AOPD have different detection capabilities, the size 
of the test piece for each different part together with the different detection ca- 
pabilities shall be given together with the corresponding procedure for checking 
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the detection capabilities and the operation of the visual indicator(s). Informa- 
tion about the size of an object that will never be detected should also be provided. 

[Add toi):] 

The details of any precautions to be taken when installing the AOPD shall be 
given, including the EAA(s) of the specified device(s), together with any other 
relevant installation drawings giving details on how the AOPD detection capa- 
bility may be affected by any reflective surfaces on or near the machine or on the 
material being worked. 

[Add to v):] 

Details of the penetration of the test piece into the detection zone that is nec- 
essary to ensure actuation of the sensing device, for all possible directions of ap- 
proach, in relation to an identifiable datum on the AOPD [for example beam 
centre-line(s)l shall be given. 

The maximum speed of movement of the test piece, or equivalent up to which 
the detection capability is maintained, shall be given. 

When the AOPD is provided with means for adjustment of the spatial position 
of the light curtain, the range of adjustments and the corresponding position of 
the detection zone shall be shown in diagrammatic form in the accompanying docu- 
ments. For a light curtain, clearly legible drawings shall be provided to ensure 
that emitting elements and receiving elements are correctly mounted with respect 
to each other, particularly to avoid 180° misalignment. 

[Add to af):] 

A statement similar to the following shall be included: "Additional measures 
may be necessary to ensure that the ESPE does not fail to danger when other forms 
of light radiation are present in a particular application (for example, use of 
cableless control devices on cranes, radiation from weld spatter or effects from stro- 
boscopic lights)." 

(Add:) 

am) Information on how to calculate the minimum distances in accordance with JIS 
B 9715 when blanking is implemented. Explain that when blanking is used, the 
minimum distance should always relate to the minimum (worst-case) object de- 
tection capability (The minimum distance different from that in the case without 
blanking may well be necessary). 

an) Information can be found in TS B 62046 describing additional means that may 
be required to prevent a person from reaching into the hazard through the blanked 
areas of the detection zone. 

ao) Recommendation that a responsible person verifies the detection zone using an 
appropriate test piece after its configuration. 
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Annex A (normative) 
Optional functions of the ESPE 

introduction 

This Annex specifies optional functions of the ESPE. 

Requirement 

Annex A of Part 1 applies except as follows. 

(Addition:) 

A»9 Blanking 
Functional requirements 

Detection capability and the part of the detection zone to which blanking is applied 
shall meet the same fault detection requirements as all other safety-relevant functions 
of the AOPD. 

AOFDs may provide a feature which monitors the continued interruption of the 
blanked beams (monitored blanking). AOPDs provided with blanking functions shall 
satisfactorily pass all the light interference tests of 5.4.6 with the blanking functions 
enabled. These requirements shall apply to all modes of blanking. 
Indication should be provided to show^ when blanking is in operation. 

NOTE : Additional requirements for blanking are under consideration. 
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Annex B (normative) 

Catalogue of single faults affecting 

the electrical equipment of the ESPE^ 

to be applied as specified in 5.3 



Introduction 

This Annex specifies single faults affecting the electrical equipment of the ESPE, 
to be applied as specified in 5.3. 

Requirement 

Annex B of Part 1 is applicable. 
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Aniiex D (normative) 

Verifying effective aperture angle (EAA) 
using the prism method 

Introduction 

This Annex specifies the method for verifying EAA using the prism. 

D.l General 

This test shall be applied to multiple light beam devices and light curtain systems. 
The basis of this method is to isolate each beam so that its individual characteristics 
can be verified (figure D.l). 

NOTE 1 For systems with, different EAAs on the emitter and receiver, this pro- 
cedure can. be used as a guide to develop equivalent tests. However, 
different EAA limits need to be determined as appropriate for the de- 
sign of the system being evaluated. 

The AOPD shall be optimally aligned (zero position) and should be mounted on a 
turntable unit. A wedge prism with a beam deviation angle in accordance with MPl 
of figure 2 shall be used for testing. The height (H, figure D.2) shall be large enough 
to cover at least one beam but shall not be more than the dimension of the detection 
capability. The test in D,2 (referring to figure D.2) shall be made at 3 m, or as close 
to 3 m as possible within the working range of the device (when the test is made at a 
distance other than 3 m, the formulas of figure 2 shall be used to calculate an appro- 
priate deviation angle). 

NOTE 2 Based on the analysis of 5.2.9.1, tests at other distances may be nec- 
essary. 

The prism angle /3 can be calculated with the formulae shown in figure D.3. 

D.2 Prism test procedure 

Switch the AOPD on and carry out the following procedure. 

1) The OSSD(s) shall be in the ON-state. 

2) Insert the prism centred in front of the receiving or emitting element to be tested. 

3) The OSSD(s) shall change to, and remain in, the OFF-state. If the OSSD(s) re- 
main in the ON-state, rotate the turntable in the direction of the beam deviation 
until the OSSD(s) change(s) to the OFF-state. Remove the prism and verify that 
the OSSD(s) return to ON-state. 

4) Turn the prism 180° and insert the prism in front of the same beam to be tested. 
Verify that the OSSD(s) change(s) to, and remains in, the OFF-state. If the 
OSSD(s) remains in the ON-state, rotate the turntable in the direction of the beam 
deviation until the OSSD(s) change(s) to the OFF-state. Remove the prism and 
verify that the OSSD(s) return to the ON-state. 

5) Repeat steps 3) and 4), inserting the prism from opposite directions, until the 
OSSD(s) change(s) to the OFF-state as required without changing the position of 
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the turntable. If such a position cannot be found, then the EAA of the beam being 
tested exceeds the required angle. 

NOTE : The purpose of the above sequence of tests is to find a single position of 
the turntable where the OSSD(s) can be made to change to the OFF-state 
by inserting the prism from either direction. This will verify that the 
EAA is the same in both directions. 

6) Bring the turntable to the zero position and then repeat steps 1) to 5) for each 
beam. While repositioning the prism, the OSSD(s) are allowed to change state. 

The test procedure described shall be repeated on at least the first and last beam 
with the system under test rotate 90'' and the prism inserted along the Y axis (see 
figure D.2). The test shall be repeated for other positions if the analysis in accordance 
to 5.2,9.1 indicates that the other positions are critical. 

The above test shall be carried out both in front of the emitter and in front of the 
receiver. 




Beam deviation a 



\_ Beam direction 
without prism 



/ \_ Beam direction 
with prism 



NOTE 1 The prism should be located as close as possible in front of the optic. 

NOTE 2 To achieve very large deviation angles, it may be necessary to use a combination 
of prisms. 

Figure D.l Prism test to measure EAA of each beam 
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Measurement distance 3 m 
and additional M.P 



Receivei'/emitter 



E mi tte r/ 1- ece i v e r 



-Sm 



zJn- 



-Bl: 



Beam deviation a 



Move along 
protected height 




p Wedge prism height H 
Optical axis 



2 



For analysing an individual beam, II should completely cover only the beam being tested. 
Figure D.2 EAA test using prism 
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The wedge prism deviation angle depends on the mechanical angle of the 
prism used, the refraction number for the kind of glass used and on the wave- 
length of the light. 

The angle can be calculated using the following relation: 



'- in-l) 




where /3 


the prism angle; 


a 


the deviation angle; 


n 


the refraction number. 



Using a refraction number for the glass of 1.51 for 880 nm wavelength, the 
calculation for a deviation angle of 2.5° is: 

2.5 



^ (1.51-1) 
= 4.9° 
Deviation angles for different wavelengths and constant /3 (4.9°); 



Wavelength 


Refraction 
n 


a = ^(ji~l) 


440 nm 


1.5 


4.9(1.5" 1) = 2.45'= 


880 nm 


1.51 


4.9 (1.51-1) = 2.5° 


1 500 nm 


1.53 


4.9(1.53-1) -2.6" 



NOTE : Measuring error caused by differing wavelengths for 400 nm, it is 
-0.05' and for 1 500 nm, it is +0.1°. 

Figure Jy,^ Design calculations for a wedge prism 
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Annex E (normative) 

Verifying optical performance using the mirror method 

and misalignment test 



Introduction 

This Annex specifies the method for verifying optical performance using the mirror 
method and misalignment test. 

E.l Protection against improper alignment and extraneous reflections 

When an AOPD does not use the method of limiting the EAA to meet the optical 
performance requirements of 4.1.2.2 and taking into account the results of the analy- 
sis of 5*2.9.1, fulfilment of the requirements of 4.1.2.2 to 4.1.2.4 shall be verified by a 
combination of analysis of the design and by acceptable performance of the tests in 
this Annex. 

Since not all design techniques can be anticipated, these test procedures may not 
be suitable for a particular design technique and may require modification. 

E,2 Verification of OFF-state when misaligned 

It shall be verified that the OSSD(s) remain(s) in the OFF-state for misalignments 
(see figure E.l) that are in excess of the angles shown in tables E.l and E.2, or as cal- 
culated with the formulas of figure E,l. 

Table E.l Maximum permissible angle of misalignmient (y) for a type 2 
ESPE depending on the dimensions of the light curtain 

Unit: ^ 



Operating range 

of the light curtain 

(longitudinal dimension) 

m 


Distance bet\^ 


een beam centre-lines of outermost beams (lateral dimension) 

mm 


300 


450 


600 


750 


900 


1050 


1200 


1350 


1500 


1800 


Up to 3.0 


51.8 


33.8 


25.2 


20.1 


16.7 


141.3 


12.5 


11.1 


10.0 


8.3 


4.0 


71.4 


45.8 


33.9 


27.0 


22.4 


19.2 


16.8 


14.9 


13.4 


11.2 


5.0 


93.6 


58.2 


42.8 


33.9 


28.1 


24.4 


21.0 


18.6 


16.8 


14.0 


6.0 


122.1 


71.4 


51.9 


41.0 


33.9 


29.0 


25.3 


22.4 


20.2 


16.8 



Table E.2 Maximum permissible angle of misalignment (y) for a type 4 
ESPE depending on the dimensions of the light curtain 

Unit: 



Operating range 

of the light curtain 

(longitudinal dimension) 

m 


Distance between beam centre-lines of outermost beams (lateral dimension) 

mm 


300 


450 


600 


750 


900 


1050 


1200 


1350 


1500 


1800 


Up to 3.0 
4.0 
5.0 
6.0 


25.2 
33.8 

42.7 
51.8 


16.7 
22.4 
28.1 
33.8 


12.5 
16.7 
21.0 
25.2 


10.0 
13.4 
16.7 
20.1 


8.3 
11.1 
13.9 
16.7 


7.2 

9.5 

11.9 

14.3 


6.3 

8.3 

10.4 

12.5 


5.6 

7.4 

9.3 

11.1 


5.0 

6.7 

8.3 

10.0 


4.2 
5.6 
7.0 

8.3 
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E.2.1 Misalignmeiit test procedure 

The AOPD shall be optically aligned in accordance with the supplier's instructions 
and the OSSDs shall be in the ON-state. 

As shown in figure E,l, the angle of misalignment shall be increased from 0^ to the 
angle at which the OSSD(s) go(es) to and remain in the OFF-state. That shall occur 
at an angle not exceeding that given in table E,l or table E.2, as appropriate. The angle 
shall then be slowly increased to 180° during which time the OSSD(s) shall remain in 
the OFF-state. Where y (see figure E.l) is greater than IGC^, this test need not be 
carried ut. 

NOTE : As a result of the analysis of 5,2,9,1, modifications to the above proce- 
dure, or additional testing can be required (for example, to allow for 
automatic gain control). 

E.3 Verification of protection against extraneous reflections 

With the AOPD aligned in worst-case alignment conditions, it shall be verified that 
the AOPD will not fail to danger when a reflective surface(s) is placed nearby. This 
shall apply for each beam, under all other conditions within the suppliers specifica- 
tion. 

E.3.1 Test procedure for effects of extraneous reflections 

This test shall be carried out at each of the operating distances (0.5 m, 0.75 m, 1.5 m 
and 3.0 m) that are within the operation distance specified by the supplier. Where the 
minimum specified operating distance exceeds 3.0 m, the test shall be carried out at 
the minimum operating distance. The test shall be repeated for each beam centre-line. 

After positioning the AOPD in the worst-case alignment position, power to the unit 
under test shall be switched off and then on again. 

NOTE : Before beginning the test, it may be necessary to wait some period of 
time (for example, settling time of gain control circuits) after switching 
power on. 

With a mirror placed at any position along the beam centre-line (at an appropri- 
ate distance as indicated in figure E.2) and inclined to achieve the maximum trans- 
mission of light from the emitter to the receiver, a C test shall be carried out with the 
test piece at the midpoint along the beam centre-line. The mirror shall have a flat 
surface of at least 200 mm by 200 mm, having a minimum reflectance of 0.9 at the 
emitted wavelength. 

When C tests are performed, the direct light path between the emitter and the re- 
ceiver shall be fully obstructed by the test piece, but the indirect light path via the 
mirror shall not have any part of its cross-section obstructed. 
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Axis of 
rotation 



a Operating range 

6 Distance between beam centre-lines of outermost beams 
R Light spot radius 
y Angle of rotation in degrees 
y=2 arcsin(i^/26) 

Type 2 AOPD: a ^ 3 m i^ - 260 mm 

a>3 m R = atan5.0' 
Type 4 AOPD: a^3 m i?=130mm 

a>3 m i? = atan2.5° 

Figure E.l AOPD misalignment test 
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Position 4 



Beam centre-line [Z-axis^ 



Position 1 

/ / / / / / 



/ / / / / / 
Position 3 



Mirror 



Position 2 



Operating distance a 




Tiie mirror shall be inclined to acliieve 

tlie maximum transmission of indirect light 

reflected by the mirror to the receiver. 

Tests requiring mirror positions within the detection zone are exduded. 
Note ^^ See figure D.2 as for the direction of Z-axis. 

Table of mirror positions 



Operating distance 
a 
m 


Type 2 ESPE 


Type 4 ESPE 


B 

mm 


d 
mm 


0.5 to 3-0 


262 


131 


a>3.0 


a tan 5'' 


a tan 2.5° 



Figure E,2 Extraneous reflections test 
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Annex F (inforinative) 

AOPD detection capability based on complete 

obscuration 



Introdiiction 

This Annex is to describe AOPD detection capability based on complete obstruction 
and not to constitute the provisions of this Standard. The method for determining AOPD 
detection capability based on the physical characteristics of a light curtain is stated 
here, but nothing stated here shall be construed to require use of this method, 

F,l Method for determining detection capability 

For a light curtain, the value of detection capability stated by the supplier can be 
based on the complete obscuration of at least one beam for any and all positions of the 
test piece within the detection zone. 




R: 



The formula (c/ = P + <^) is used for determining minimum detection capability (d) 
based on the physical characteristics of a light curtain design. 

Example : lens diameter (0) = 6 mm 

beam spacing (P) = 8 mm 

G? = P + <^ = 8 mm + 6 mm = 14 mm 

Therefore, in the above example, detection capability =14 mm. 

NOTE : A calculation based on the above example requires that the spacing be- 
tween beam centre-lines is uniform and the diameter of the optical el- 
ement is the same on both the emitter and receiver. Where diameters 
are different, the largest diameter should be used in the calculation. 
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Annex JA (informative) 

List of the clauses of Part 1 and Part 2 applicable to 
the equipment using AOPDs 



Introduction 

This Annex is to list up in an easy-to-understand format the clauses of JIS B 9704 
Part 1 and Part 2 applicable to the equipment using AOPDs and not to constitute the 
provisions of this Standard. 

The requirements applicable to the equipment using AOPDs become complete speci- 
fication by a combination of the part of provisions in Part 1 (JIS B 9704-1 :2006) ap- 
plied as it is (not stated in this Standard) and all the parts specified in this Standard. 

JA.1 List 

The table below shows all the clause numbers and titles of JIS B 9704 Part 1 and 
Part 2 applicable to the equipment using AOPDs. The shaded region shows the clauses 
applicable to ESPE employing AOPDs (The clauses with only title are not shaded be- 
cause of containing no provisions). "-!'' and "-2" in the right most column mean "Part 1'' 
and "Part 2" respectively. 



Provisions in Part 1 


Pro^asions in Part 2 (this Standard) 


Part applicable 
to AOPD 


Introduction 




Intradti«2;ti0ii.;; :' 




-2 


1 


Scope 


1 :::|;:;:;:;::.:;:;;;;:;::;::^ 


Scope (Replacement) 


-2 


2 


Normative references 


2 WMMm 


Norma tive references 
{Partial addition) 


-1 and -2 


3 


Terms and definitions 


3 


Terms and definitions 


— 


3,1 to 3.2 








-1 


3.3 


Detection capability 


3.3 WMMiM: 


Detection capability 

{Repiacemeiit} 


-2 


3.4 to 3.33 








-1 






3.201 ■;::l:^:::^r:'i:i^:;: 


active opto-electronic 
protective device 
iA(WD)iAMiU(m:y,: 


-2 






3.20?:-:i:i::l|.':::.::::: 


beam-centre line 

(Addition^) . 


-2 






s,2oMWMS:: 


effective aperture ,; 

angle (EAA) {Addition) 


-2 






3.2o|::;.;:y;;:;;:::;:':^:;:^^ 


light beam device 

{Addition} -. 


-2 






3.20S:--':^::::;^:-^;:::::.;:^^ 


light curt^dniAdditioji) 


-2 






3.2oi::l::::;;::;;i;:;;:;:;;ii 


:. test piece- (Addition) 


-2 






3.2o|:::i;:|l:::;:fl::,;:: 


monitored blaniking 

(Addition:) 


-2 
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Provisions in Part 1 


Provisions in Part 2 (this Standard) 


Part applicable 
to AOPD 


4.3 


Environniental re- 
quirements 


4.3 


Environmental re- ; , 
quirements (Addition) 


-2 


4,3.1 


Ambient air tempera- 
ture range and 
humidity 






-1 


4,3.2 


Electrical distur- 
bances 






-1 


4.3.2.1 


Power supply voltage 
variations 






■1 


4,3.2.2 


Supply voitag:e inter- 
ruptions 






-1 


4,3.2.3 


Fast transient/burst 






-1 


4.3.2.3.1 


General requirements 






-1 


4.3,2.3.2 


Additional require- 
ments 








4.3.2.4 


Fast transient/surge 






■1 


4.3.2.4.1 


General requirements 






"1 


4.3.2.4.2 


Additional require- 
ments 






-1 


4.3.2.5 


Electromagnetic field 






-1 


4.3.2.5.1 


General requirements 






-1 


4.3.2.5.2 


Additional require- 
ments 






-1 


4.3,2.6 


Conducted distur- 
bances induced by 
radio-frequency fields 






-1 


4,3.2.6.1 


General requirements 






-1 


4.3.2.6.2 


Additional require- 
ments 






-1 


4.3.2.7 


Electrostatic dis- 
charge 






■1 


4,3.2.7.1 


General requirements 






-1 


4.3.2.7.2 


Additional require- 
ments 






-1 


4.3.3 


Mechanical environ- 
ment 






-1 


4,3.3.1 


Vibration 






-1 


4.3.3.2 


Bump 






-1 


4.3.4 


Enclosure 






-1 






4.3.5 


Light interference 

{Addition) 


-2 
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Provisions in Part 1 


Provisions in Part 2 (this Standard) 


Part applicable 
to AOPD 


5 


Testing 


5 


Testing 


— 


5.1 


General 


5.1 :;;;;:;'::M:f;-;::;:::::^ 


\ General {Partial addi- 

■ tiori) 


-1 and -2 


5.1.1 


Type tests 


5.1.1 


Type tests 


~~ 


5.1.1.1 


ESPE for test 






-1 


5.1.1,2 


Operating condition 


5.i.ii2:;i':;:;;::;--:;::::;^f^^ 


Operating condition 
[Partial additioti) 


-1 and -2 


5.1.1.3 


Simulated intrusion 
into detection zone 






-1 


5.1.2 


Test conditions 


5.1.2 


Test conditions 


— 


5.1.2.1 


Test environment 






-1 


5,1.2.2 


Measurement accu- 
racy 


5A.2mW^^^ 


Measurement accu- 
racy (Pa rf mi addition) 


-1 and -2 


5.1.3 


Test results 






-1 


5.2 


Functional tests 


5.2 


Functional tests 


™ 


5.2.1 


Sensing function 


^■^'WMiM^s^ 


Sensing function and 
detection capability 

{Replacement) 


-2 






5,2.1;l-;;:;:::;;;.l:;;::;:';;;: 


Sensing fuiietion 
[Eeplacernent of mh- 
ciause) 


-2 






5.2. i;2:;:;::.:::';::?:::::^^^ 


Integrity of the AOPD 
detection capability .: . 

(Replacement of sub- 
clause) 


-2 






5.2.i.3::::::;::--:::;:::^;;;.:" 


Additional tests for 
an AOPD usin^ retro* 
reflective techniques 
iUeplacemefit of " ' . 
subclause) 


-2 






5.2.i.|;;;;|;;|:l|:.;^ 


Additioiiai tests for 
an AOPD using emit- 
ters and receivers in 
the same assembiy 

(Replacement of 
subctause) 


-2 


5.2.2 


Response time 






-1 


5,2,3 


Limited functional 

tests 






-1 


5,2.3,1 


General 






-1 


5.2.3.2 


Limited functional 

test A (A test) 






-1 


5.2.3.3 


Limited functional 
test B (B test) 






-1 


5.2.3.4 


Limited fimctional 
test C (C test) 






-1 



PROTECTED BY COPYRIGHT 



44 

B 9704-2 : 2008 (lEC 61496-2 : 2006) 



Provisions in Part 1 


Provisions in Part 2 (this Standard) 


Part applicable 
to AOPD 


5.2.4 


Periodic test 






-1 


5.2.5 


Indie at or lights and 

displays 






-1 


5.2.6 


Means of adjustment 






"1 


5.2.7 


Rating of components 






-1 


5.2.8 


Output signal switch- 
ing devices (OSSD) 






"1 


5.2.8.1 


General 






-1 

.... 


5.2.8.2 


Relay OSSDs 






-1 


5.2.8.3 


Solid state OSSDs 






-1 






5.2.9 


Verification of optical 
performance iAddition ) 


-2 






5.2.9.1 


Analysis of -the: 
electro-optical sub- 
system (AddiUon) 


"2 






5.2.9.1.1 iMi^': 


Analysis (Addition) 


-2 






5.2.9.1.2 §:§:■:.: 


Selection of test 
method {Addition) 


-2 






5.2.9.2 


Side lobe and mis- 
: alignmenttest . . ; 

(Measurement of EAA) 
(Arlditionl 


-2 






5.2.10 


■ Wavelength (AddiHo?i) 


-2 






5.2.11 


Radiation intensity 

{Addition) 


-2 


5.3 


Performance testing 
under fault condition 






-1 


5.3.1 


General 






-1 


5.3.2 


Type 1 ESPE Verifica- 
tion 






-1 


5*3.3 


Type 2 ESPE Verifica- 
tion 






-1 


5.3.4 


Type 3 ESPE Verifica- 
tion 






-1 


5.3.5 


Type 4 ESPE Verifica- 
tion 






-1 


5.4 


Environmental tests 


5.4 


Environmental tests 


— 


5.4.1 


Rated power supply 
voltage 






-1 


5.4.2 


Ambient temperature 
variation and humid- 
ity 






-1 
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Provisions in Part 1 


Provisions in Part 2 (this Standard) 


Part applicable 
to AOPD 


5.4.3 


Effects of electrical 
disturbances 






-1 


5.4.3.1 


Power supply voltage 
variations 






-1 


5.4.3.2 


Supply voltage inter- 
ruptions 






-1 


5.4.3.3 


Fast transient/biirst 






-1 


5.4.3.3.1 


General requirements 






-1 


5.4.3.3.2 


Additional tests 






-1 


5,4.3.4 


Fast transient/surge 






-1 


5.4.3.4.1 


General requirements 






-1 


5.4.3.4.2 


Additional tests 






-1 


5.4.3.5 


Electromagnetic field 






-1 


5.4.3.5.1 


General tests 






-1 


5.4.3.5.2 


Additional tests 






-1 


5.4.3.6 


Conducted distur- 
bances induced by 
radio-frequency fields 






_ j^ 


5.4.3.6.1 


General tests 








5.4.3.6.2 


Additional tests 








5.4.3.7 


Electrostatic dis- 
charge 








5.4.3.7.1 


General tests 








5.4.3.7.2 


Additional tests 








5.4.4 


Mechanical influences 








5.4.4.1 


Vibration 








5.4.4.2 


Bump 








5.4.5 


Enclosures 












5a£-:MW:W:; 


Light interference 

(Addition) ; 


-2 






5.4.6,i:::'|:::;::j::::;;:;::;; 


General [Add iti on) : 


-2 






5.4.6,2'f ■^'■::-":^::"'-'^ 


Light sources 
iAddittori) 


-2 






5.4.f.3;;::;;i:;:: :;:;;; :|::; 


Test sequences 
{Addition) 


.2 






5A.mm:Mm 


Normal operation 

(best alignment) ■ / 
■ {Addkionj 


-2 






5.4.0,S^; :;;:;;:- ;:;:;::^^^ 


Failure to danger- 
Incandescent light 

(3 000 Ix and worst- 
case alignment) 
(Addition) 


»2 
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Provisions in Part 1 


Provisions in Part 2 (this Standard) 


Part applicable 
to AOPD 






5.4.6.6 


; Fail-ure to danger^ . ■ 
Stroboscopicligiit 
(worst-case alignment) 
< Addition) 


■2 






5.4.6.7 


Failure to danger- 
Fluorescent iigbt 
(3 000 Ix arid worst- : . 
; case alignment) 
{Addition) 


-2 






5.4.6.8 


Failure to danger™- 
Interferiog light from 
an emitting element 
of identical design 

(Addition) 


-2 


5.5 


Validation of program- 
mable or complex 
integrated circuits 






-1 


5.5.1 


General 






-1 


5.5.2 


Complex or program- 
mable integrated 
circuits 






-1 


5.5.3 


Software, program- 
ming, functional 
design of integrated 
circuits 






-1 


5.5.4 


Test results analysis 
statement 






-1 


6 


Marking for identifi- 
cation and for safe 
use 


6 


Marking for identifi- 
cation and for safe use 




6.1 


General 


6.1 


General {PartiM addi- 
tion) ;, ., . 


-1 and -2 


6.2 


ESPE supplied from 
a dedicated power 
supply 






-1 


6.3 


ESPE supplied from 
an internal electrical 
power source 






-1 


6.4 


Adjustmient 






-1 


6.5 


Enclosures 






-1 


6.6 


Control devices 






-1 


6-7 


Terminal markings 






-1 


6.8 


Marking durability 






-1 


7 


Accompanying docu- 
ments 


7 


Accompanying docu- 
ments iPdrtial addition) 


-1 and -2 
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Provisions in Part 1 


Provisions in Part 2 (this Standard) 


Part applicable 
to AOPD 


Annex A 
(normative) 


Optional functions of 

the ESPB 


Annex: ;A::^;;;:i:^;:;::^^; 
(norsnaiive)r.;ji;' 


Optional functions, of 
■ the ESIPE (Partial addi-i 
tipnd 


-1 and -2 


Annex B 
(normative) 


Catalogue of single 
faults affecting the 
electrical equipment 
of the ESPE, (to be 
considered as failure 
to danger in 5*3) 


Annex B 

(normative) 


Catalogue of single 
faults affecting the 
electrical equipment 
of the ESPE, (to be 
applied as specified 
in 5,3) 


-1 


Annex C 
(informative) 


Conformity assess- 
ment 






-1 








: Yerifylng effective .: . 

a.perturo angle. (EAA).':: 
: using the prism': ■ 
method (Addition) 


-2 






Anrie?t:-l|:;.:;.J:;;::'^j^ 
(noi^ativ^)|-:; 


Verifying' optical "■■ 
performance lisihg:; .; . : 
.: the mirror method. ; ; . 
and misalignment 
te^t (Addkion^ : 


-2 






Ann^^;:!';;;:;^^::::::;^':;;: 
(infoi*^^ti^€^);:: 


AOPD detection capa- 
:Mlity based on eom- 
.■;plete obscuratioii , ■.. 

(AddUiQit) 


-2 
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